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1
METHOD AND APPARATUS FOR TREATING
VEGETABLE TISSUES IN ORDER TO
EXTRACT THEREFROM A VEGETABLE
SUBSTANCE, IN PARTICULAR A JUICE

CROSS-REFERENCES

This application is a U.S. National stage application of
PCT/EP2011/056863, filed on Apr. 29, 2011 which claims
priority to French Patent Application No. 1053413 filed on
May 3, 2010. Each of which is incorporated by reference in
there entireties for all purposes.

The invention relates to the treatment of harvested veg-
etables and, in particular, to the treatment of harvested veg-
etables with a view to extracting there from a vegetable sub-
stance, in particular a juice.

More particularly, the invention relates to a treatment of
vegetable tissues with a pulsed electric field.

One particularly advantageous application of the invention
relates to the treatment of sugar beet for the sugar industry.

BACKGROUND OF THE INVENTION

It has already been proposed in the prior art to treat beet
cossettes or other vegetable matter, such as chicory, potatoes,
carrots, fruits with pulsed electric fields in order to extract
substances there from.

Specifically, by subjecting a vegetable tissue to pulses ofan
electric field, the cellular membranes of the tissue are ren-
dered permeable or destroyed so that the cellular juice can be
recovered. Such a technique is generally known by the term
“electroporation”.

In this regard, reference may be made to the document WO
2009/129991, which describes such a method for the elec-
troporation of beet cossettes with a pulsed electric field.

In the method described in said document, the beets are
first ground into cossettes, and a liquid phase is added to the
cossettes. The mixture obtained is subsequently conveyed
without pressure into a reaction chamber in which a pulsed
electric field is sustained.

This method requires the use of a conductive liquid mixed
with the cossettes in order, on the one hand, to facilitate their
delivery to the treatment chamber and, on the other hand, to
overcome the drawbacks associated with the relative inhomo-
geneity of the mixture of cossettes in the treatment chamber,
creating nonconductive voids between the cossettes.

The presence of this liquid phase requires the use of a
pulsed electric field generator having a high capacity, of the
order of 60 kV, and consequently a treatment chamber having
relatively large dimensions.

It is therefore an object of the invention to overcome this
drawback and to provide a method for treating vegetable
tissues which makes it possible to extract a juice from the
tissues without requiring the use of a liquid phase.

SUMMARY OF THE INVENTION

The invention therefore relates, according to a first aspect,
to a method for treating vegetable tissues with a pulsed elec-
tric field in order to extract therefrom a vegetable substance,
in particular a juice, wherein the vegetable tissues are com-
pacted in order to reduce the residual space between the
tissues, and the compacted vegetables are subjected to a
pulsed electric field in at least one treatment chamber.

Thus, by virtue of this prior compacting phase, it is possible
to bring the vegetable tissues into the form of a compact
volume making it possible to reduce the residual space
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between pieces of tissue and, consequently, to distribute the
pulsed electric field homogeneously through the vegetable
tissues.

Furthermore, this compacting phase makes it possible to
convey the vegetable tissues to the treatment chamber or
chambers without needing to mix the tissues with a liquid
phase. While maintaining a constant generator capacity, it is
then possible to treat more vegetable tissues. While maintain-
ing a constant vegetable treatment capacity, it is possible to
reduce the capacity of the generator and/or the quantity of the
generator or generators and the size of the treatment chamber
or chambers.

In one embodiment, after the treatment of the vegetable
tissues with a pulsed electric field, a first juice is extracted
from the treatment chamber.

This is because it has been observed that the prior phase of
stressing the vegetable tissue makes it possible to obtain a first
pressing juice easily. It has furthermore been observed that
this first juice is of increased purity.

According to yet another characteristic of this treatment
method, after the extraction of the first juice, the vegetable
tissues are subjected to an additional juice extraction treat-
ment. For example, it is possible to use a treatment of extrac-
tion by diffusion or pressing.

Preferably, before the step of compacting the vegetable
tissues, cutting of the vegetables is carried out. Such a prior
cutting step makes it possible to improve the homogeneity of
the mixture in the treatment chamber or chambers by further
reducing the space between the vegetables.

For example, a root-cutting tool is used for this purpose.

The method may furthermore comprise a prior step of
washing the vegetables. It is furthermore possible to inject
compressed air into the treatment chamber before the treat-
ment of the compacted tissues with a pulsed electric field.

According to yet another characteristic of the extraction
method, the step of treating the compacted vegetables is car-
ried out by means of one or more treatment chambers
arranged in series or in parallel.

Thus, even when using pulsed electric field generators of
relatively low capacity and treatment chambers of relatively
small dimensions, it is possible to treat relatively large masses
of vegetable tissues.

It is furthermore possible to regulate the parameters of the
pulsed electric field as a function of the nature of the veg-
etables to be treated.

The invention also relates, according to a second aspect, to
an apparatus for treating vegetable tissues with a pulsed elec-
tric field in order to extract there from a vegetable substance,
in particular a juice.

This apparatus comprises a stage of compacting the veg-
etable tissues and at least one treatment chamber comprising
means for generating a pulsed electric field in said chamber in
order to treat the compacted tissues.

This apparatus furthermore comprises, in one embodi-
ment, means for extracting a first juice coming from the
treatment chamber.

This apparatus may also comprise an additional stage of
treatment of the vegetable tissues, in particular by diffusion or
by pressing, which is arranged downstream of the treatment
chamber.

According to yet another characteristic of the apparatus, it
comprises a stage of cutting the vegetables, which is arranged
upstream of the compacting stage.

This cutting stage may comprise a root cutter.

In one embodiment, the means for generating a pulsed
electric field comprise a pulsed electric field generator deliv-
ering an electric field of between about 0.1 and 1 kV/cm.
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BRIEF DESCRIPTION OF THE DRAWINGS

Other objects, characteristics and advantages of the inven-
tion will become apparent on reading the following descrip-
tion, which is provided merely by way of non-limiting
example and given with reference to the appended drawings,
in which:

FIG. 1 schematically illustrates a first exemplary embodi-
ment of an apparatus for treating vegetable tissues according
to the invention;

FIG. 2 illustrates a second embodiment of an apparatus for
treating tissues according to the invention; and

FIG. 3 illustrates a third embodiment of an apparatus for
treating tissues according to the invention.

DETAILED DESCRIPTION OF THE INVENTION

FIG. 1represents a first exemplary embodiment of an appa-
ratus for treating vegetable tissues according to the invention.

This apparatus is intended to treat, with a pulsed electric
field, vegetable tissues taken from harvests, in particular but
not exclusively sugar beet with a view to recovering there
from a cellular juice and, in general, a vegetable substance,
for example pulp.

It will be noted that, when the apparatus is intended for the
treatment of all types of vegetables, fruits, plants or legumes
with a view to extracting there from a juice or a substance, this
does not depart from the scope of the invention.

The treatment used is based on the application of a pulsed
electric field to the vegetables to be treated.

Specifically, when vegetable tissue is placed in an electric
field, the difference between the intra- and extracellular com-
positions generates an accumulation of electric charges on the
membrane surfaces and an increase in the transmembrane
potential.

The attraction between the charges of opposite signs accu-
mulated on either side of the membrane causes compression
of the latter.

The elastic force generated by the membrane tends to
oppose this compression. When the applied electric field
exceeds a critical value, the compression force applied on
either side of the membrane under the effect of the attraction
of the charges of opposite signs becomes greater than the
resisting elastic force of the membrane, and pores appear, or
they are enlarged if they exist in the membrane. At this stage,
the electroporation is assumed to remain reversible. When the
amplitude of the electric field and/or the duration of its appli-
cation are increased, irreversible permeabilization and
destruction of the cellular membrane are observed, then mak-
ing it possible to recover the cellular juice.

Thus, the apparatus illustrated in FIG. 1 essentially com-
prises, considering the treatment direction of the vegetable
tissues: a first stage 1 of cutting the vegetables; a stage 2 of
conveying the cut vegetables, for example a volumetric con-
veyor system; a third stage 3 of compacting the cut tissues,
arranged downstream of the second conveying stage 2; and a
chamber 4 for treatment of the cut and compacted vegetables,
which is associated with a pulsed electric field generator 5.

The cutting stage 1 corresponds to the first stage of the
apparatus. It is supplied with vegetables to be treated, as
harvested. This stage 1 is adapted to cut the vegetables with a
specific geometry making it possible to reduce the void ratio
between the cut elements once they are amassed. To this end,
for example, a root cutter traditionally used in the beet, sugar
or chicory industry is used. For other roots, such as manioc, a
grater may be used.
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The compacting stage 3, for its part, pressurizes the cut
vegetables in order to further reduce the residual space
between the vegetables and, in particular, the space between
the cut vegetables.

In other words, the purpose is to deliver a homogeneous
mass of cut vegetables to the treatment chamber 4, minimiz-
ing the spaces without vegetable matter so that it is not nec-
essary to use a liquid phase or an electrically conductive gel in
the treatment chamber, and consecutive treatments involving
loss of such a phase or such a gel.

This compacting phase may be carried out by any suitable
tool or press capable of exerting a sufficient pressure on the
cut vegetables so as to compact them and thus reduce the
residual spaces, without exerting an excessive pressure tend-
ing to result in juice extraction.

As indicated above, downstream of the compacting stage,
the apparatus comprises a treatment chamber associated with
a pulsed electric field generator 5.

During operation, the generator 5 is intended to create and
sustain a pulsed electric field in the internal volume of the
chamber 4, which is filled with cut and compacted vegetables,
the parameters of which field may be adapted as a function of
the nature of the vegetables treated.

It is thus possible, for example, to vary the frequency, the
width of the pulses, the output voltage and, in general, the
shape of the voltage signal delivered by the generator as a
function of the nature of the vegetable tissues to be treated.
These parameters may also be modified in order to adapt to
the quality or characteristics of the products as a function of
the growing areas or climatic conditions, or in the event of
diseases.

It will, however, be noted that, by virtue of the prior com-
pacting step, it is possible to convey the vegetables to the
treatment chamber without mixing the vegetables with a lig-
uid phase.

Itis also possible, by virtue of this compacting phase, to use
a treatment chamber of small dimensions as well as a pulsed
electric field generator 5 of low capacity, in so far as this
compacting step obviates the use of a liquid phase or an
electrically conductive gel in order to fill the empty spaces
which would otherwise exist between the vegetables and,
consequently, all treatments involving loss of this liquid
phase or this gel.

It is thus possible to use a pulsed electric field generator
with a power of between 15 and 20 kV, capable of providing
an electric field of between about 0.1 and 1 kV/cm in the
treatment chamber 4.

Likewise, the treatment chamber 4 may, by way of nonlim-
iting example, have a cross section of between 50 mm and 500
mm, and a length of between 200 mm and 2 m approximately,
depending on the cross section.

Such characteristics make it possible to treat masses of
vegetable tissues of between about 1 and 150 ton(s)/hour.

It will be noted that the prior compacting phase combined
with the treatment with pulsed electric fields makes it possible
to provide a stage 6 of extraction of a first juice J1 at the exit
of the treatment chamber 4.

Specifically, the pulsed electric fields make it possible to
treat vegetables during very short voltage peaks, of the order
of a few microseconds, generating very little dissipation of
electrical energy by the Joule effect in the vegetable tissue. It
is thus possible to obtain a cold juice of high purity, and in any
event, of increased quality compared with the traditional
techniques of extraction by pressing or diffusion.

It will be noted that, for beet juice, it is generally necessary
to employ a subsequent phase of lime and carbon dioxide
purification. In so far as the prior compacting phase and the
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treatment with a pulsed electric field make it possible to
obtain a juice of increased purity, this subsequent purification
phase is greatly facilitated. The purification may then be of
the less intensive lime and carbon dioxide type, but also either
partially or else entirely purification using microfiltration and
ultrafiltration membranes, depending on the nature of the
vegetables and the quality of the extracted juices.

Downstream of the treatment chamber 4, the apparatus also
comprises additional vegetable tissue treatment stages, of
conventional type, allowing complementary extraction of a
juice J2.

For example, as illustrated, it is possible either to use a
stage 7 of treatment by pressing or, as a variant, a stage 8 of
treatment by diffusion followed by a stage 9 of treatment by
pressing.

Lastly, it will be noted that the apparatus may furthermore
be provided with a stage 10 of washing the vegetables, for
example arranged upstream of the cutting stage 1.

Thus, by virtue of the presence of this washing stage, which
makes it possible to impart a degree of moisture to the veg-
etables in the form of a film on the surface of the vegetables,
the apparatus may be provided with an optional stage 11 of
compressed air injection into the treatment chamber before
the first electric field application, in order to create a humid
atmosphere in this chamber in the form of a mist, further
increasing the treatment efficiency by creating an electrically
conductive atmosphere in the treatment chamber 4 while also
making it possible to lubricate the walls of the chamber.

It will be noted that, by virtue of the use of the compacting
phase combined with the use of a pulsed electric field gen-
erator of relatively low capacity and with a treatment chamber
of reduced dimensions, the invention which has just been
described makes it possible to obtain treatment apparatuses of
reduced dimensions or to obtain an increase in the quality of
the recovered juices and in the efficiency of the treatment
carried out in the additional treatment stages 7, 8 and 9 fol-
lowing an increase in the pressing ratios, a reduction in the
diffusion extraction, a reduction in temperature, etc.

It will, however, be noted that the invention is not limited to
the embodiment described.

Specifically, in the embodiment described above, the appa-
ratus comprises a single treatment chamber 4 associated with
a pulsed electric field generator 5.
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With a view to increasing the treatment capacity, it is pos-
sible to use a plurality of treatment chambers arranged in
parallel (FIG. 2) or, as a variant, in series (FIG. 3).
It will be noted that it is possible to provide as many
treatment chambers as necessary in parallel or in series, sup-
plied by one or more generators in parallel, in order to ensure
sufficient electroporation compatible with industrial treat-
ment methods.
The invention claimed is:
1. A method for treating vegetable tissues with a pulsed
electric field in order to extract there from a juice, character-
ized in that:
the vegetable tissues are compacted in order to reduce the
residual space between the vegetable tissues, without
exerting a pressure tending to result in juice extraction,

the compacted tissues are conveyed to at least one treat-
ment chamber (4) without needing to mix the compacted
tissues with a liquid phase,

the compacted tissues are subjected to a pulsed electric

field in said at least one treatment chamber (4), and in
that, after the treatment of the compacted tissues with a
pulsed electric field, a first juice is extracted from the
treatment chamber (4).

2. The method of claim 1, characterized in that, after the
extraction of the first juice, the compacted tissues are sub-
jected to an additional juice extraction treatment by diffusion
or pressing.

3. The method of claim 1, characterized in that, before the
step of compacting the vegetable tissues, cutting of the veg-
etables is carried out.

4. The method of claim 3, characterized in that the cutting
is carried out by means of a root-cutting tool.

5. The method of claim 1, characterized in that it comprises
aprior step of washing the vegetables, and in that compressed
air is injected into the treatment chamber before the treatment
of'the compacted tissues with a pulsed electric field.

6. The method of claim 1, characterized in that said at least
one treatment chamber (4) is a plurality of treatment cham-
bers arranged in series or in parallel.

7. The method of claim 1, characterized in that the param-
eters of the pulsed electric field are regulated as a function of
the nature of the vegetables to be treated.
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